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(54) SEMICONDUCTOR LASER 
(57)Abstract 

PURPOSE: To make manufacturing of a semiconductor 
laser easy by enlarging freedom of combination of 
surface azimuth of a crystal which enables 
manufacturing of a semiconductor laser in a stepped 
substrate by adopting lateral pn patterning. 
CONSTITUTION: The title device has a substrate 200 
which has a main surface consisting of a (100) surface or k 
a surface tilting in a range of about 0 to about 10° in 
(111) B direction from a (100) surface and a tilt surface 
consisting of a (311) B surface extending in <011> 
direction or a surface close to a (31 1) B surface and a 
current constriction layer 203 which is constituted of an 
n-type region 203b generated by Zn and Se (or S) 
introduced to a part of a p-type clad layer 202 which is 
a constituent element of a double/hetero structure and 
a p^type region 203a generated thereby on a tilt surface, 
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(57) [Sft] 

S 3 fc#igtgfc£Il©®;&fi)^&£fc*© g ££££ 

MIA] (10 0) B*^tt (10 0) B*6 (1 1 
1) BjJfiCttO* *6ttl0° ©3gffl-C-0g&Lfc@fr 
£fc*±S&tf<0 1 1 >£faCS£l/fc (3 11) B 
l«V>tt (3 11) BW3fiSEUkflfr&&&fffl*6 

pfi*9 * Kl 2 0 2©-g5fc3?A<*n&Z n&tf S e 
(*^ttS) #«IIB£li!±-enS*tf2 0 3 b££fi£* 
*fc»C»lfi±-epfifiH«2 0 3 a££fi£LT8ifdc$ft 
fc««»J(il2 0 3ftll*.5. 




200 : 

201 : /V; 7 tS 

202 :99* HJB 

203 : 

203a : pfiflUft 
203b : ngflMS 
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[W*S1] (1 0 0) ®sfcv>«i (10 0) ®i»f> (1 

1 1) Bm£®o° 7>e,^i o° ©&H?ts&ufcH 

ip£,&5£®&V<0 1 l>*flCJiE4L& (3 11) 
BH#VM± (3 11) BffiCiEaL&iB*&*a»iBft 
fc^Sfck, 

WfmiWfim *tt»#fiiJB±Ii±-e nSi 

nfc«^tflfciMI*T&S£k*irakTS*WW*- 

[11*82] (10 0)iS*^tt (10 0)BS4>& (1 
1 1) B£ftCttO a 1 0° ©*SBT-«&Lfc@ 
<pt.%5iS&rj<0 1 l>£ftCg:£Lfc (3 1 1) 
BSsS^tt (3 11) BBC>£8Ufc®fre>&S$Nii* 
fcogfck, 

ZpSL*?? KS©-$kbT^&7*-fe7*^|i6$!# 
F - K > ft&lS VAifc H K - K > 

$ n&i # £ 5 c mm <* nwiB±iB±-e n fi«w« & a 

•fi k& t|«±-C p SffttS&ft LT«fiS$ftfcm8E 

tttmS'] (10 0) iStf^tt (10 0) BSCfiftL 
fc®ipC)«:Si®SrjB!l!Bi®CDJiH3 6 0° £|6lfc:j& 

vmwtm. Yi—^mufwit&iMh-v: ns«tt*£ 

Ati k«CffI3£B £Btrfc®±T- p£ffttt£A L 
"C«U*$nfc*»(tti k £«ix.Tfc 5 c fc z 

[11*914] (10 0) B*^tt (10 0) BfciSSL 
fc®A»e>^5iiiSrJi}I3±®©JiH3 6 0* £|S|fcff* 

t 5 k*fc ttG±KBfctM±-C p£IM*£AL? 
•flsu— »f. 

ARFt-^ltfttfS e-*?%&£k k 1 * M*fl 
1 *IM£ 2 ft^tt 3 *IM* 4 E*©**»U— »f. 
[»*Jg6] r«7^-b^^tt»#Zn-C»5kttC 

SfcV>l± 2 *t%tt 3 Av^tt 4 E«©**K*1/— !f . 
[11*87] Sfc#Ga As, • ^nfllfi©* 

7-yKltfAl, Ga, In, P, Asfflfi^bt, 
&£JI#A1, Ga, In, P, A s ©&*££>#*» e> 



2 

ft5^k*1«Kk1-6||«flll*V>tt2«V^tt3*^tt 
4 ftiMi 5 *Htt 6 E*©*$H*l/— !f . 
[tf*88] g«#InP, ^^"vra^S©*? 
yftltfAl, Ga, In, P, AsOfi^bt, tS 
ttJf#Al, Ga, In, P, AsO»#^**6j&: 
3c:kfc1^k1-*»*JSirt^tt2*^tt3*Wi4 
*Wt 5 ftfritt 8 E«©*»ftl/~ »f. 

[»*89] tsttJl^ii^s^ptsttJi-cftackt 
•« [n*s i o ] traa*©JNMM£Wii/'c%s#* 

H*fit«SiSJ:<tr3Tffl«*1-*Ckft«akt*ll 
*S 3 «VM4 4 *tr*tt 5 ftfrM* 6 *t*tt 7 *VM± 8 *H 
tt9E«©***l/-1f. 

[000 1] 

mm±ommm mz.&&&6oo cn 

m) flf©*«kfC»«4A10aInP3RflHg*i|i* 
ft: I/— !f©2Sc^t:ilT5o 
» [ 0 0 0 2 ] SUE, ««*fll*EW8*7*<f AtMi 

jfejamx -r * * & k©s ta^fflst^^ta tE©# 

4\ *-f>*fck©3fc»kl/C, AlGalnP^fi 
"S«t^fc**6 0 0 CnmD flf©^a**«»l'— !f© 

(o o o 3] si7yi.a$n-c^5)fe«[^ 

^ -f ^ fffl©3ferik UTflilE*»ft i/-tf C» l/T»» 
$^^SkCl54 J ^tv^c:^:ipc>, cofflJ^to^TB, 

[0004] 

[S£*©ttJf5] 01 2ttOi|SWftAlGaInP/Ga 
I nPD7 • iSJ K«awa**»»l/— !fft«t«« 

tzjBfiEffiia-efes. 

[0 0 0 5] BHCJ$V>T, 3 1ttn-GaAsStg, 3 
2lin-GaAsA977l, 3 3ttn-Ga I nP* 
MM, 3 4ttn-AlGaInP^7«yHl, 3 5li 
« (Al) GalnPtSfil^ 3 6ttp-AlGa I nP 
3 7ttp-GaInP«flffllx 3 8lin- 
GaAsSSSH^Ji, 3 9ttp-GaAs3>^^M 

[0 0 0 6] d©#$ttl/— IfTtt, tSi4®3 5©±^ 
S5Bt:}gttl3 5Htt*fcl/-C!fc^x*;i/* -M>H 
+ >y 7"£ o G a A s *> 6 * 5 m«t»^l 3 8 SrE^t 
fcCkCfl^T, «SttA3S©M&««%ft«13 8 7S 

«»fiI©*EBta©**aU"CV>**©"C*»)» 3 
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(3) 

3 

[0007] *e*»»i/— 9 tt, &%ifimmm-e 

[00 08]® AlGalnP^ql^^ftl/— If 
tt, £tl&K£lfej£& (metalorganic v 
apor phase e p i t ax y : MOVP E) 

M 3 9 S^n^tlfigfi^-B-So 
[0 00 9]© DX-jff-f K«Bf**Ck*6, # 
^iRMA*5 UmD -10 Gum) t±Z<. Zftm 

[0 0 10] S5I3D^ • *H 

T-[I©ISSJfigT-ffill^M^«#¥«ftl/-tf (s 
elf-aligned stepped subst »< 
rate laser : SHaser) SMtifi 

mmbtz (g-rn«> ®mw-6 - 4 5 7 0 

«U *#JH) . 

[0 0 11] 01 3tt#8l8^?# H $&tfcS3 Is— 9 

[0 0 1 2] latfi^vTs 4 1lin-GaAsSfi, 4 
2lin-GaAs^'y77l< 4 3ttn— Ga I nPtf 
ffll, 4 4ttn-AlGaInP^7«y Hl> 4 5tt 

(Al) GalnPtgffil, 4 6fctp - A 1 Ga I nP a 

li£S H-rCttoTffMStlfcnSA 1 Ga I nPS 
MOtiM* 4 8fctp-GaInPtpBJf, 4 9l±p-G 

[0 0 13] B*0SCfi$l*an-GaAsg«4 lit, 
£®# (10 0) ®Xtt (10 0) ®A»e><0 1 1 
ftfc*J2° ~1 0° SKflS&U fU, <0 1 - 1 > 

(4 1 1) A- (3 1 1) Af&oT, CCjgfcfcofif 

kif an* Hfwe 4 . 

[0 0 14] #fI2©<fc-5fc8lj§tt> p-AlGalnP 

&*&#©®£ftft?5p&©g£#]ffi U ( 1 0 0) ®± 
£©*, niA 1 Ga I nP«»$i4 7 *4jS** 

[0 0 15] BD*>> MOVPES*afflUTfiKfi$-B-fc 
AlGalnPlcRtvC. ZnOKftfefttt, (10 
0) ffifctt^bT (4 1 1) A- (3 1 1) Affifl 0 
£7bm2 0tet>±X3b*). fU, Se<D®L*)&fr&, 
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(10 0) EKfc&UT (4 11) A- (3 11) A® 
T-#)l/5g£C>h<*<fcS. 
[00 1 6] mmLtzZottZttH, ZntSet* 

i:T\ (10 0) ®±T-fctn-AlGaInP£ > *b 
t, (4 1 1) A- (3 1 1) A®±T*l±p - A 1 Ga 
InP§^n-€'*l-b;i'7 • 77-f hfl*JlCffJBE-r-5w 

[0 0 1 7] flMBttfi-etiU rSttH4 5#SffiUT^4 
lGalnPT-msnfe^fiKt^^TV^C^frc,, 

&mi3<Dmx-t>ft&®m&>te<+zz.bifix*, 

[0 0 1 8] l*tWt& 7*^* h 

it, mmmz<Dm&t>&nx^zz.k.im&ztix 

[0019] 

^Ttt, (1 0 0) fcj£^ffl, RV, (3 11) A- 
(4 11) AfcjEVMM©fi*£*fr&fcS4S«ftJBV\ 

s3 is-yzttmtz>*mm7fiLtz<Dxsbiifi, *© 
iMrett, s3 w— traKgcfcH-tssoidu ills® 
*(4©ifi^t)-& U4»*V^ *.© e)n-cv>feo 
[0 0 2 0] mBftftmciB^b&niRtt 
V>tt^7iK-^>^tttS7T-7;i/pn-'^-^>^© 
ftffitf, (6©ffl©la&£fc>it-T-fclimta;:i:#T-£ft 

[0 0 2 1]*», 7T7;i/pn^i'-;>« 

«itife^r H ©B*{affl*-^t»-a-©i afi^isif s - i: 

4. 

[00 2 2] 

[g&Sfefil&-f4fctf>©^8!] HRC, MOVP EST- 

»^S©S*at^§ <flc#T4. 
<• [00 23] 01&A1 Gal nPfcfctt4Zn&!)& 

[0 0 2 4] CCTn fflSHRRfco^Ttt, «0*-5C 
flttf«»= (*i' , )-V®SSttt^«5SJt/2. 2x 

1 022 Ccm -3) ) / {*m>m<»m&&/=mm 

[0025] Hitaensx-^s sfc, '^{cisi^r 
» 4E2&u : ia3(ca^n47 : -^4f#fe^©iii^;ft : 
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(4) 

5 

[0 0 2 6] £AftJHUK:tt7 0 0 VO 
E£:6. 6x103 CPaDTiSl. 0xl0< CP 
a) (50 CTorrD -76 CTorrO ) 
mU: Y*)*f-tMWJ*>h, (TMIn: In (C 
H 3 ) 3 ) 

h 'J xfjujtf (TEGa : Ga (C2 H5 ) 3 ) 
\-i)*?frT)l>l-<yk (TMA1 : Al (C 
H 3 ) 3 ) 

> (PH3 ) 11 

:*5lt 

[0 0 2 7] cn$fCDa^^Sf^e>v (Al) Ga 
InPtKttSZnOfiffGMSStfct, &©«fc?&B£fiMfc 

J;5K, Zn©jgff&»Gu (100) (1 1 

1) Affij5ffi^©^S*K?Sfb<*i0U fcfc (3 1 
1) ABICfclrvC«*«*fc5. 
[0 0 2 8] UtittU BST-fct, S««^CDtiJint:^ 
ot, fi«ffffttt-att / >U fg*StfSg##j5° 1 » 

o* mtx®'m*£?*&, maccc, on) 

[0 0 2 9] B2ttAlGa IhPCfi^taSeSSlba 

btitcbox&z. 

[003 0] ST, (Al) GalnPCfiSltSSe© 

tlX^Z. EP*>> SefiKfflifttt. (10 0)80*6 30 
(111) AH#A'^®miM-C*ftCtt0>*ft. 
[0 0 3 1] JlftCJtU BST-tt, B£ffi# (3 1 
1) BBS* 6 (111) BStc£{tf SKofrC (10 
0) iSttt:«b-CSU<«]!l0l-5fc$n-C§fe. 

[0032] tzzv, *%m%<Dn&£&zt. m 

[0 0 3 3] BP"^ AlQaInP©#&61\ Ga A 
s, A 1 Ga A s> GalnP&ifCoOTSelfcSa 
#OH35ftt«?>ttt»«fC«^fcJ:i5, Al 4. 

GaInP©«£, B2fcH6n*«fc-5C, (100) 
B*e> (Ill) Bffiflfi^CfflRttafcfto-t* fl«f 
fl«W*«¥iM0U MfMJKttn5 a *6 1 0° T-fii* 
ttSfc-3T*e>«'J>U (3 11) BBttffiT-ffi'hfi* 
kt)T*6iMnt«bt (111) BBtt2T-lb<t8 
AW*. 

[0 0 3 4] £©SeC»it3flW^©ffi*flMfefiptt 

«> B5EB®tfi$i^5 z n<Dmm.^nmm>&h 

tt± <£©&#&?•£ ot, (10 0) B*6 (3 1 

1) BE©ffflT-fcfc> SeOH«f«»#ailC*flS"r4C « 



f 

[0 0 3 5] affBUfcHacD^SffiS^T, *&i£© 

gaco^TBaicRwra. *1\ hi 

BStfi$ltSZn<DSlDji*.ttx (10 0) @A>c,<3DM 
»Aft©itJafco*u $rM'>t5o MMAK#ft5' 
KKCfc4fcZn©»»>a#ttS'JMafci:»K *©fttt 
i|A0KS£b> (3 11) BBtt3£T-&*<I£i:t>T*e> 

[0 0 3 6] v=-*frt>Wt>i>>X'$>Z#, (5 11)B 
- (2 1 1) BB(Cfctt*Zn©S*Da^l± (10 0) 
BJ^fc^T-fctK (1 0 0) *e>ft5° «»bfcffifc 

it&bx (3 1 1) BBcDZnaaBneeciauT^ 

[0 0 3 7] 02*5, -TSk, BECffcttSSe 
©HDafrfct, Zn©&&a#£IE£fl©tS|pI*^bT 
V%S. IP^ (10 0) Bfr&attttftKoJMOC* 
V\ 5fc1\ JgftDU 5* fflSfSeOBlD 

ft*tt«*«fcjj<U *©&> iH'i>bT (3 11) BB 

[003 8] (5 1 1) B- (2 1 1) BEfcfcltSS 
e©!5l!)a#« (1 0 0) mtit®LX'b$<, (10 
0) *e>&5° M^tfc@titS-rs^> (3 11) B 
IB© S e iSMtift 1 / 3 tex-fc S. 

[0 0 3 9] ni3K9iLfen«tttt#tttt. A 1 Ga I 
n P © A 1 mL^mSLii gOjftJUfcfffcftfc ») * 
<> lEWnrcatiS. £©<fc5£ft#&#SinSJIB 

[0 0 4 0] flIEbfcZnfcSefcofc&aaCHrs 

if&fco, mils EttSfi±C-^«C P M««i:n 

[0041] 03 {±(100) ®*e, (111) BB© 
H7? Z ni: S e fcftHlte H-KV^ bfe«^©^tt« 

[0 0 4 2] H3*&HI!6*T'*5*\ Zn&tfSe© 
K-K>y*ft«SC:aiRt6Ci:-C» (lOO)Bjtt 
®X&SemL>Znm.Xn§lZ. (3 1 1) BB3£ 

ett-ti s e ?as< z nmrc- pssas c t*t- 1 «. 

[0 0 4 3] ftot, SBfcbT (10 0) B 

tt»©Bx &Bi:bT (3 11) BftSOVt^olUI 
S«tZnJ:Se*|Sl^t K-e>?U «#©K-K 

>y**atncaiR"r*ci:c«t), (ioo)Bfta 

©iBr-ttnS, (3 1 1) BBttj£©&BT-fctpSi: 

[0 0 44] 01Stf02tMt.n5T : -^*e.> 
' »*ttCnaJii:plUii:*ffD»«tsaK:tt» Zn© 
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(5) 

1 

&9&*#ft'M?, Se©SSl>) (10 
0) ®A»f>ffj5° EBUmutmb* ZnO&D&^ff 
g*T% Se©S*!)ii*#g'hfc:ftS (3 1 1) B{t& 
©®£*a*£fc-&ftK&i^o 

[0 0 4 5] d©«£, (1 0 0) ®A>f>5° flSfcUfc 
Si: (3 1 1) BEft3£©BCfi$l7*ZniIg/Se® 

s©it^(±^2 0fggsi:^5. cmti, .meeEtbms 

ET-M^Lfc (l oo) ffli: (4 11) Affifc*fi#£ 

[004 6] *«WtHKfttt, ntUM%iH2:PHt % -0 
[0 0 4 7] E4tt*^OJSS$:3ifflUff§SLfc^ 

5aOTa7fc^t*H»tft*. HCfc^T* 2 00 
ttg«> 2 0 1tt/t*7r*» 2 0 2tt^?9Kfl« 2 
0 3tt«WK*IL 2 0 3attpSm 2 0 3bfctn 

[0 048] c®*«*u--irctt, ftttftSWI 203 

fc* (1 00) ffi, ftUtt, (1 0 0) ®iP*><0 1- 
l>m^5" g£«&Lfc®-ettnIifc«2 0 3b 
(4 1 1) B- (3 1 1) BftScOftlittt 
pMfg#2 0 3 a 

[0049]E5tt(5lb< #S8B)3©J)IS£iSffl UtftK 
Lfc*»»l/— trsaiWSDRIEiB0-C»S. Hfcfc 
HT, 2 0 4fcfcg«> 2 0 5fcftf 7rJf, 2 0 6tt* 
7>H1, 2 0 7ttmat*m 2 0 7attpim 

2 o 7bttnimja£ j en ; etufxL-t^s. 

[0 0 5 0] BB5Cft6n**i»ftl/— !TCtt, mm 
:g!2 0 7£fM-fSfS> Z nStf S efclUftC K-K 

if, £B?-ttSeSS>ZnjIS, ftBTttS e©g< 

zniifSh^sidts nmmmmzpm 

«K*6Znifll6**ft*a«t:*-e»<U p 
[0 0 5 1] SMBUfciSC, (10 0)1 



[0 0 5 2] IHBRlHMBH'CtiU 7T7ji/pn;^- 

(ioo) HfcAifcoiutefcit-cxMrr 

!f*fc±fc;itf (£%) 

[0 0 5 3] H6 tt^ft -a fciMKtl/- 
1fft«IBi1-*aW)S»«Hi»Wia-Tf»D, Sfc, H7tt 
H6CS6*l5*»*b— !f©SSiaBrIEiiBlT*5. 
HfcfcV^ 2 0 8(if^iS, 2 0 9t£*7 9KJ|, 
2 1 OttSaafe!?!, 2 1 OattpSMfe 2 1 Obtt 

[0054] mmco^mbi'— tret*, &£ 2 0 8 cj$ 

l7*£®tt (1 0 0) ® x SfclMi, *ftfci£^ETfco 

^±&*+r#§£©gMx£«i;L-a^. 

[0 0 5 5] £©<k-5fcg«2O8±C0l;ttiAl.Ga 
InPfr&fca*?* KJf 2 0 9&JFMU £fc, 

^, #VMi> 3SSS:K-K>y§fTV^oom«i^l2 1 

»• ozB&tzt. £®£Btf&ffl£»©$ms££®© 

fc*?^ tW±K:ttpStMl2 1 0a#£fig£ft, ± 
B±tttnSf|^2 1 0 b#£fi£<*ft*. 
[0 0 5 6] H3EI(iWT?W&i»C.bfeTtt«HS«offl* 
(Mfefrtttt, Zn&VSefccavttftBJiLfctf, Z<D® 

C d ^ A& H 7— X' $> 5 S % t» PI t S & * 

»• [00 57] BufBbfci^SipeN *MiC:fc«*«ffc 
I/— tffcfi^THU 
(1) 

(10 0) ®5fcVM* (10 0) ffli^c, (111) B^lfil 

0 1 1 >^|SIK:SS Ufc (311) B® jfc^fct 
(3 11) B®t3£SLfeHi»6^5^®&^^S« 
(n-GaAsS«5 0 0) i:, HuiHS«±C4oTy 
7;i/-^7 1 DSji©fi|BESSRT-ife5pSi'7-yHl (p 
ffl!l^7>y Kl 5 0 7 3fetfC5 0 9) ©-flSCH^tSJA 

E±B±-Cna«W (nS^«5 0 8b) Z&l&tZt 
WzmttpSMX (pS««5 0 8a) *4fi£UT 

*B£sn&«siEtt^i (m«t^«5 0 8) trnzz 

[0 0 5 8] (2) 

(10 0) BsSVMi (10 0) ®*»e> (111) B73|6i 

t^io° 6>e.^i o° ©«sH-ei«^ut®4 s e.*5±® 

RV<0 1 l>^lRHCJE4Ufc (3 11) B®s6lMi 
(3 11) B®£j£gUfc®A»£fc*ft®£fcog« 

» (n-GaAsfi«6 0 0) t» SJE»«±C4-3-cy 
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(6) 



7;i/«^7D«a©fl|ja»iVC**p£*5*l*l (p 

TnlSS (nS^6 0 8b) ft&S-r*k»C»iS 
±-Cpffl«W (pfi*M6 0 8 a) ZmbXm&Stl 

unmmm otxstwieos) tmzxttzzt 

[0 0 5 9] (3) 

(10 0) I^B (10 0) H£3£&L£®frf,fc* 
iHS^BulBiiScD/lH 3 6 0* £aic£dt£nfcflfl 
* *-!>-g|S# (/*»fl-7 0 0A) fet»oS* (S 

«7oo) m~&&&±£G.^x®m£mxztitz- 

■enSlflia (nffl««7 0 9 b) ^£fiKf5i:fttB!ilB 
SntBfeMBLtCpSfM (pSMt*7 0 9 a) 64 
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» [0 0 9 6] *DltKM®**ttl'-- «fCK«t5Sfi8 
OOt), (10 0) fci£&.bfc£B&tf£B£fc!)Hfc 
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